A novel intramolecular defluorinative cyclization approach to the synthesis of
difluoromethylated quinazolic acid derivatives
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tert-Butyl 2-(difluoromethyl)-3-benzyl-6-methoxy-3,4-dihy-
dro-4-quinazoline-4-carboxylic ester (4) and its related
6-substituted esters, precursors of a new type of cyclic amino
acid, were synthesized via intramolecular defluorinative
cyclization under basic conditions.

The recent achievement of the synthesis of fluorinated iso-
serinest via Wittig rearrangement of 1 to 2 in Scheme 1,
engaged us in exploration on the synthesis of other new
heteroatom-substituted amino acids and their derivatives which
are expected to be candidates for biologicaly important
inhibitors.2 Here, we report the discovery of a novel de
fluorinative cyclization (3 — 4) leading to the synthesis of
difluoromethylated quinazolic derivatives.
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Difluoromethylated amino acids are known to be important
members of the family of fluorinated amino acids.3 Introduction
of difluoromethyl groups into nonfluorinated amino acids* or
the synthesis of difluoromethyl-substituted amino acids from
suitable fluorinated building blocks® is a great challenge in
synthetic organofluorine chemistry. Selective defluorination
from a trifluoromethyl moiety has been widely employed for
promising construction of difluoromethylene moiety due to
easy availability of trifluoromethyl compounds.6 The present
discovery of defluorinative cyclization of trifluoromethyl-
substituted iminoamines 37 provides a novel and efficient
approach to the new N-heterocyclic tert-butyl 2-(difluoro-
methyl)-3-benzyl-6-methoxy-3,4-dihydro-4-quinazoline-4-
carboxylic ester 48 and the related 6-substituted esters (Scheme
2, Table 1), which is otherwise difficult.

The ester 3 was treated with LTMP (1.3 eq.) in THF at
—60 °C for 10 min or n-BuLi (1.2 eq.) a 0 °C, and then the
temperature was raised to 20 °C. The mixture was stirred for
several hours (monitored by TLC) or 1 h, respectively.
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A sterically hindered base (LTMP) provided better yield
(63%) of 4a than LDA (47%). In the 3,4-dichloro-substituted
iminoamine (entry 7 in Table 1), n-BuLi was found to be more
useful than LTMP. Both electron-withdrawing and -donating
substituents on the aromatic ring affected the formation of 4.
The 2,6-dimethylphenyl compound (entry 9) afforded no
corresponding cyclized compound 4 and the starting substrate
was recovered.

The quinazolic esters (4a—f) obtained in the reaction are
liquids and their structures were elucidated by spectroscopic
and elemental analyses, along with X-ray crystallographic
structural analysis of its methyl ester (4g),° which are colorless
needle crystals. Existence of both CHF, group and a 1,2,4-tri-
substituted benzene ring in 4a (entry 1 in Table 1, Ar = p-
methoxyphenyl, R1 = t-Bu) wasrationalized by the observation
of adoublet at 6 = 45.8 ppm (Jur = 53.6 Hz) in 1°F NMR
(CgFs asaninternal standard) and atriplet at 6 = 6.33 ppm (Jue
= 53.6 Hz) in H NMR, and three sets of aromatic protons[d =
6.52 (d, J = 2.8 Hz), 6.74 (dd, J = 8.7 Hz, 2.8 Hz), and 7.11
ppm (d, J = 8.7 Hz)], respectively.

A mechanism of this reaction is tentatively proposed as
shown in Scheme 3.

No Stevens-type rearrangement® products 8 were observed
athough Wittig-type rearrangement is known in fluorinated
imino ethers (1 — 2).1 The generation of carbanions5by LTMP
at lower temperature (—60 °C) was confirmed by the quantita-
tive formation of deuterated product 6 on treating with D,0O.
Intramolecular nucleophilic attack of the carbanion onto the
imino carbon followed by nucleophilic ring opening of the
aziridine type intermediate (7 — 9) and simultaneous de-
fluorination would lead to the formation of the quinazoline
intermediate 9, which undergoes base-catalyzed proton migra-
tion to the quinazolic products 4. The rate-determining
intramolecular nucleophilic attack via intermediate 7 would
make the equilibrium (5 2 7) proceed in the forward direction.
Thus, the sterically hindered 2,6-dimethyl compound (Table 1,
entry 9) was recovered entirely though an «-proton of the
carboalkoxy group of 3 (Ar = 2,6-dimethylphenyl) was
deuterated by quenching the reaction mixture with D,O at
—60 °C. The preference of path A over path B would arise from
the poorer leaving ability of N-benzyl anion (Scheme 3) than
akoxide anion in Wittig rearrangement (1 — 2).
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Table 1 Yield of 4 in the base-catalyzed rearrangement of 3

Entry  Ar R1 Base (eqg.) Yield of 4 (%)
1 4-MeOCgH4 t-Bu LTMP (1.3 4a (63)
2 4-CH3CeH4 t-Bu n-BuLi (1.2) 4b (58)
3 CeHs t-Bu n-BuLi (1.2) 4c (54)
4 1-Naphthyl t-Bu LTMP (1.3 4d (80)
5 1-Naphthy! Me LTMP (1.3) 4e (67)
6 3,4-Cl,CeH3 t-Bu LTMP (1.3) Af (78)
7 3,4-Cl,CeH3 t-Bu n-BuLi (1.2) 4f (91)
8 3,4-Cl,CeH3 Me LTMP (1.3) 4g (29)
9 2,6-(CH3).CsHs  t-Bu LTMP (1.3) Recovery of 3
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